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100 INTRODUCTION

Printed

California leads the nation in cleaning up the air. In 1955 the Bureau of Air
Sanitation began identifying the air pollution levels that could endanger pul
health. Recognizing cars and trucks as a major cause of smog problems, {
State formed the Motor Vehicle Pollution Control Board (MVPCB) in 1960 t
regulate tailpipe emissions. California was the first state to adopt vehicle e
sion standards for hydrocarbons (HC) and carbon monoxide (CO).

In 1967 the MVPCB and the Bureau of Air Sanitation were combined to cre
the Air Resources Board (ARB). With this merger, the authority to define tf

lic

héir Quality
D Program
mis-

ate
e

health threat of air pollution and to regulate its causes was united in a sing|
organization. Since then, the ARB, working with county air pollution contro
districts (APCDs) and regional air quality management districts (AQMDs) h
created one of the world's most comprehensive air quality control programg

In July 1991 the California Environmental Protection Agency was formed tq
bring together under a single, accountable, Cabinet level agency these ent
the Department of Pesticide Regulation, the Department of Toxic Substang
Control, the Office of Environmental Health and Hazard Assessment, the In

[S
ARB

" Created

ties:
es
te-

grated Waste Management Board, the State Water Resources Control Bodrd,

nine Regional Water Quality Control Boards, and the Air Resources Board.

What does the ARB do? As the primary statutory authority, the ARB estab
lishes and enforces standards to limit pollutant emissions from motor vehic
The ARB does more:

1. Conducts inspections, in cooperation with APCDs, to ensure corj
ance with air pollution regulations by applyiognsistent and
evenhanded enforcement.

Develops suggested rules and regulations to assist local APCDs
their efforts to improve the air quality.

Establishes air quality standards to protect the health of the mos
vulnerable members of the general population and to prevent da
to property and crops.

Evaluates the effectiveness of pollutant control strategies for veh
and industrial sources.

[ What Does
€ARB Do?

npli-

in

[
mage

icles
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5. Monitors air quality throughout the State.
6. Conducts extensive research programs.

The ARB's past efforts have reduced the pollution emitted from vehicles and
other large sources. Now, and for the future, the ARB is focused on smaller,
individual sources of pollution. However, successfully regulating a very large
number of very small, diverse sources poses even greater challenges than previ-
ous clean air measures. Continuing to improve the air quality requires hard
work and careful planning.

101 COMPLIANCE ASSISTANCE PROGRAM

The Compliance Assistance Program (CAP), created in 1988 by ARB, assists
local air districts in conducting more comprehensive, consistent, and accurate
facility compliance inspections. The CAP program also provides industry with
information and tools, in the form of self-help publications, which clarify com-
pliance requirements and help explain how to stay in compliance with air pollu-
tion rules and regulations. CAP also assists industry in establishing their own
compliance inspection programs. By conducting routine compliance inspec-
tions, facilities can stay in compliance on a daily basis and can thereby avoid
costly air pollution violations.

Enforcement audits of some industrial sources have shown noncompliance rates
as high as 50 percent. Improving these rates can bring rewards to everyone.

Based on the idea that sources will comply if they understand what is required of
them, CAP identifies requirements of regulations and presents them in several
more readily understandable formats. These CAP publications can assist indus-
tries to monitor themselves and to conduct their own daily inspections, thus
increasing their compliance rates, and reducing costly violations. Through the
development and distribution of these rule-specific publications, CAP creates a
flow of information in a variety of useful forms:

Handbooks. Easy-to-read, colorfully illustrated handbooks are developed for
the industrial labor force. Mostain be read in 10 minutes or lesand all
contain helpful self-inspection checkilists.

Pamphlets. Quick-reference pamphlets contain detailed flow charts, checklists,
July 1998
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and helpful diagrams. These are designed for facility managers and industry

environmental managers.

Technical Manuals. Detailed technical inspection manuals are developed f
industry environmental managers, ARB inspectors, and local air district ins
tors. These contain rule information, process description, and step-by-ste
procedures for compliance inspections.

102 MANUAL PURPOSE AND USE

This manual is designed to assist local air pollution control district inspecto
conducting complete, consistent, and efficient compliance inspections. It ig
designed to supplement, but not replace the operating manuals and variou
operator training courses that vendors provide their clients.

This manual contains a description of the processes and emission control {
nologies, a discussion of regulatory requirements at the Federal, State and
level, and a detailed description of facility inspection procedures. Also con
tained in this manual are a glossary and air pollution control definitions and
terms, appendices with additional reference material which can be reprodu
for use in the field, and a comprehensive index.

S

DEC-

rshanual
dpgscription

-

D

ech-
local

ced

This manual is designed to address the equipment, operations, and air pollution

control regulations applicable in the State of California.

As a reference document, this manual is divided into numbered sections ar
subsections, with key topic words identified in the outside scholar margins.

102.1 FOCUS: TARGET AUDIENCE

The primary focus of the Compliance Assistance Program is to improve thg
knowledge of inspectors and industrial operators. In order to reduce noncg
ance and excess emissions, both the inspector and the operator need to K
what is regulated, why it is regulated, and how compliance is determined.

This technical manual was written because the target audience consists m
of corporate and industrial managers and their staffs, including production

nd

Who Will Use
mphis Manual?
1OW

Ainly

environmental managers, ARB inspectors, and a few district inspectors. Since
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the nature of the subject is too diverse to be treated adequately in a short hand-
book, CAP staff decided to use the more detailed technical manual to present the
pertinent information.

Because the manual is a pioneering effort in a relatively new and emerging area
some of the material in this manual may be of use to others besides the "target
audience."

103 MANUAL MAINTENANCE

This manual is a dynamic reference document. To keep this manual accurate
and current, CAP staff rely heavily on district inspector experience and industry
personnel expertise. As changes or improvement issues concerning this techni-
cal manual are raised, users should make note of them. All comments should
then be forwarded to:

Air Resources Board
Compliance Division
Compliance Assistance Program
P.O. Box 2815

Sacramento, CA 95812

Comments are reviewed as they are received and if any proposed amendments
need immediate attention, changes will be made as soon as possible. A draft of
the revised technical manual will then be provided for comment to all local
districts. For proposed changes which are less critical, several will be accumu-
lated before any changes are made. If regulations change significantly or new
information on equipment and processes becomes significant, a technical
manual update package will be prepared and sent to all users who have com-
pleted and returned a Manual Tracking Card.

A Manual Tracking Card is located at the front of this manual. It is important
that each recipient of one of these manuals complete and return a card to the
address listed previously. Technical manual upgrade packageshyilbe sent

to those who have completed and returned this card.
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A printed circuit board (PCB) is the foundation both literally and figuratively
virtually all electronic devices. It is the platform upon which electronic com
nents such as integrated circuit chips and capacitors are mounted. The P(
printed wiring board (PWB) provides both the physical structure for mountir
and holding electronic components as well as the electrical interconnection
between components. A PCB consists of a nonconducting substrate (typic
fiberglass with epoxy resin) upon which a conductive pattern or circuitry is
formed. Copper is the most prevalent conductor, although nickel, silver, tin
lead, and gold may also be used as etch-resists or top-level metal.

There are three types of PCBs: single-sided, double-sided, and multilayer.
Single-sided boards have a conductive pattern on one side only, double-sic
boards have conductive patterns on both faces, and multilayer boards cong
alternating layers of conductor and insulating material bonded together. T
conductive layers are connected by plated through-holes, which may be us
mount and electrically connect components. PCBs may also be either rigi
flexible, or a combination of the two (rigid-flex).

When the electronic components have been mounted on the PCB, the com
tion of PCB and components is an electronic assembly, also called a printe
circuit assembly (PCA). This assembly is the basic building block for all lar
electronic systems, from toys to toasters to telecommunications.

These electronic systems, in turn, support every other critical technology in
United States. To quote the Council on Competitiveness from theirG8i81
ing New Ground report, "Electronic components are playing an especially
important role in driving improvements in information and communication
technologies, which in turn are enabling advances in all manufacturing and
service industries."”

PCBs play a crucial role in these improvements because advances in elect
packaging and interconnections reduce the size and cost of electronic devi
while boosting performance. Progress in PCB technology and manufacturi
drives U.S. competitiveness in both existing products and new technologie
The U.S. Department of Defense, the U.S. Department of Commerce, the J
nese Ministry of International Trade and Industry, and the European Comm
all include electronic systems and components on their critical technology |
A summary of the market share for the various groups is given in Figure 20
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Figure 200.1

Historical World Market Share for Rigid and Flexible Circuits
(based on U.S. dollars)

201 MAJOR DOMESTIC MARKETS AND TRENDS
The seven basic markets for printed circuit boards are described below.

» Automotive: engine and drive performance, convenience and safety,
entertainment (radios), and other applications for diagnostics display
and security.

* Communication: mobile radio, touch tone phones, portable com-
munication, pagers, data transmissions, microwave relay, telecom-
munications and telephone switching equipment, and navigation
instruments.
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» Consumer Electronics: watches, clocks, portable calculators,
musical instruments, electronic games, large appliances, microw
ovens, pinball/arcade games, television, home entertainment, vig
recorders, and smoke and intrusion detection systems.

e Computer/Business Equipment: mainframe computers, mini
computers, broad level processors, add-on memory, input/outpu
devices, terminals, printers, copy machines, facsimile machines,
word processors, cash registers, teaching machines, gas pumps
taxi meters.

« Government/Military/Aerospace: radar, guidance and control
systems, communication and navigation, electronic warfare, grot

ave
leo

, and

ind

support, sonar ordinance, missiles, and satellite and related systems.

« Industrial Electronics: machine and process control, production
test and measurement, material handling, machining equipment
pollution, energy, and safety equipment, numerical controls, pow
controls, sensors, and weighing equipment.

« Instrumentation: test and measurement equipment, medical ins
ments and medical testers, analytical, nuclear, lasers, scientific
instruments, and implant devices.

er

fru-

second largest application market. The Institute for Interconnecting and P
ing Electronic Circuits (IPC) indicates that nearly 39 percent of printed circ
boards produced in 1993 were used by the computer market, while 22 per
were used by the communication industry.

Computers are the major U.S. market for PCBs, with communications beinf

According to Microelectronics and Computer Technology Corporation's (M
Environmental Consciousness: A Strategic Competitiveness Issue for the |
tronics and Computer Industri2CB manufacturing is the most chemical inte
sive process in the building of a computer workstation.

o(;{nputers are
Jhe U.S. Market
i orq:’CB's

rent

CO)

Flec-

’]_
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201.1 INDEPENDENT VS. CAPTIVE PRODUCTION

PCBs are produced by two types of manufacturers: independent and captive. An
independent or merchant manufacturer produces PCBs for sale on the open
market, to be used in electronic products such as TVs, computers, and so forth.
Independent PCB manufacturers are thus competing with each other in a global
market to secure orders or contracts from customers. Typically, independent
PCB manufacturers bid on their ability to make a product as specified by the
customer; the PCBs or electronic interconnection products are almost always
custom designed.

A captive manufacturer is also known as a Original Equipment Manufacturer or
OEM. These companies manufacture PCBs for use internally in their own
electronic products. Texas Instrument and AT&T are examples of OEMs.

Some OEMSs, such as IBM, which in the past have been exclusively captive
manufacturers, have recently entered the merchant market as well. In the United
States, the majority of PCBs are produced by independent manufacturers. Many
OEMs have shut down their PCB operations and now buy their PCB from
independent manufacturers. Unfortunately, as OEMs shut down their PCB
manufacturing, they also discontinue research and development on new PCB
manufacturing technology, processes, and materials. Because the average
independent PCB manufacturer is orders-of-magnitude smaller than most
OEMs, the independent PCB manufacturer lacks sufficient resources to conduct
research on any scale approaching what the OEMs used to accomplish.

201.2 ECONOMIC TRENDS

The total world market for all PCBs is approximately $21 billion a year. The
United States and Japan are the dominant leaders, although the "four tigers"
(Hong Kong, Singapore, Taiwan, and Korea) have been increasing market share
in recent years.

U.S. domination of this world market eroded from 1980 to 1990, but has in-
creased slightly in recent years. Japan and the four tigers have been the pre-
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dominant competitors who have captured the world market share lost by th

United States. Japan is now seeing its own market dominance erode as t
tigers continue to capture market share.

201.3 DOMESTIC MARKET HISTORY/OVERVIEW

Since 1980, rigid multilayer PCBs have grown to dominate the domestic pr
tion value of all PCBs. Rigid multilayer boards now account for approxima

four
One-quarter of

the Market is
Double-sided
Rigid

pduc-

ely

66% of the domestic market. One-quarter of the market is double-sided rigid
boards, and the remainder are single-sided and flexible circuits. The market for

multilayer boards has grown from approximately $700 million in 1980, to

almost $3.4 billion in 1993. Figure 201.1 shows the history of this growth in the

multilayer market. Shown in millions of dollars.

—— D fultilayers i 411 Other Rigid
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Figure 201.1
History of the Growth in the Multilayer Market

Although multilayer rigid boards dominate the dollar volume of production,

single-sided PCBs by far dominate the number of circuit boards produced i
United States. Of the approximately 1.3 million PCBs produced in the Unit
States in 1993, almost 900,000 were single-sided and only 150,000 were n
layer boards. However, the average cost for a single-sided board is 58¢, w

Multilayer Rigid
Boards Dominate

the Dollar Volume
N the

bd
nulti-
hile

the average cost for a multilayer board is about $22.
July 1998
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Another historical shift over the past ten years has been outsourcing PCB manu-
facturing. In 1980, captive OEM operations accounted for about 50% of the
PCB market. Independent or merchant PCB manufacturers accounted for the
other half. As is clear from Figure 201.2, captive houses have been shutting
down their PCB manufacturing operations and instead purchasing PCBs from
the smaller independent manufacturers.

1979

19380

1981

1982

1983

1984

1983

1986

1987

1988

1982

1930

1931

1952

1993 [

||:| Maks (OEMSs) @ Buy (Tndependents) |

Figure 201.2
Historic Trends of Manufacturing Versus Buying PCBs in the U.S.
(by dollar volume).

Source: IPC Technology Marketing Research Council, June 1994

202 PRIMARY CHEMICALS USED

The primary chemicals used include the following:

* Plating chemistries (additive, electroless, electrolytic, etchback/
desmear, oxide);
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» Solder mask (dry film, photoimagible liquid, screen-defined);

» Etchants (ammoniacal, cupric chloride, peroxide sulfuric, persulfate,

ferric chloride );

* Imaging products (dry film, photoimagible liquid, screen defined,
resist);

* Imaging chemicals (aqueous and solvent developers and strippe
and

* Other chemicals (fluxes, metal strippers, cleaners, anti-tarnish, w
treatment chemistries).

203 OVERVIEW OF MANUFACTURING METHODS

PCBs are produced using either additive or subtractive technology. The sU
tive process accounts for a significant majority, perhaps 80 percent, of PCH
manufacturing.

203.1 SUBTRACTIVE MANUFACTURING

The conventional subtractive manufacturing process begins with a board, g
sisting of epoxy resin and fiberglass, onto which patterns are imaged. In m
operations, conducting material, usually copper, is bonded onto the substra
surface to form copper-clad laminate. After drilling holes through the lamin
and making those holes conductive, unwanted copper is etched off, leaving
copper patterns.

As shown in Figure 203.1, the subtractive process begins with copper-clad
laminate, composed of a thin copper foil covering both sides of the epoxy-g
core material (a). The laminate is coated with a sacrificial photopolymer m
rial that acts as a resist in subsequent steps (b). The resist is photoimagec
(exposed/developed) to expose the copper to be removed (c). The board is

btrac-

ost
ite
ate

lass
te-

then

etched, after which the resist material is stripped and disposed in a fabrication

waste stream, leaving the desired interconnect pattern in copper on the exf
laminate (d).

In a multilayer structure, each of the inner layers is constructed independer
then laminated together using a B-stage epoxy in between each inner laye
to form the overall structure (e). This non-sequential process of building

multilayers is essentially independent of the number of inner layers laminat

posed

tly,
core

ed

together and is used to build PCB structures with independent of the numb
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inner layers laminated together and is used to build PCB structures with any
number of layers.

203.2 ADDITIVE MANUFACTURING

Additive technology is used less often than substractive technology because it is
a more difficult and costly production process. This capital-intensive technol-
ogy is used primarily for small interconnection components used in multi-chip
devices.

As shown in Figure 203.2, the additive process for rigid boards begins with a
bare catalyzed laminate with no metal on the surfaces (a). Alternatively, with
some processes, the first layers on either side of the core laminate are etched to
form power and ground planes and may already have plated through-holes. The
laminate is coated with a permanent photodielectric material that acts as the
dielectric separating the metal layers (b), thus replacing the subsequent core and
B-stage layers in the subtractive approach. The dielectric is imaged and devel-
oped to form the vias, then a second layer is applied to form the interconnect
pattern (c). The board is then selectively plated or metallized by other means,
forming the desired interconnect pattern (d). In a multilayer structure, steps (b),
(c), and (d) are repeated to form the overall structure (e). In contrast to the
conventional subtractive process described previously, this process requires no
lamination, with the unreinforced layers built sequentially on the initial rigid

core.
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Figure 203.1
Simplified Subtractive Process for Manufacturing Inner Layers of
Rigid Multilayers (a through d), and a Cross-Section of Two
Inner-Layer Cores within a Multilayer Structure (e).

additive S T ] R g R s EAAR y

cross-section

bare laminate laminate with dielectric exposed plated
dielectric and developed interconnect

additive
top wew

multilayer
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Figure 203.2
Simplified Additive Process for Manufacturing Inner Layers of
Rigid Multilayers (a through d), and a Cross-Section of Two
Inner-Layer Cores within a Multilayer Structure (e).
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204 OVERVIEW OF PCB TYPES

A PCB consists of a nonconducting substrate (typically fiberglass with epoxy
resin) upon which a conductive pattern or circuitry is formed. Copper is the
most prevalent conductor, although nickel, silver, tin, tin-lead, and gold may
also be used as etch-resists or top-level metal. There are three types of PCBs:
single-sided, double-sided, and multilayer.

Single-sided boards have a conductive pattern on one side only, double-sided
boards have conductive patterns on both faces, and multilayer boards consist of
alternating layers of conductor and insulating material bonded together. The
conductive layers are connected by plated through-holes, which are also used to
mount and electrically connect components. PCBs may also be either rigid,
flexible, or a combination of the two (rigid-flex).

204.1 SINGLE-SIDED PCB

Several critical manufacturing steps are not included in the typical single-sided
manufacturing sequence and no process is unique to single-sided production.
Therefore, any manufacturer of double-sided or multilayer PCBs can produce
single-sided ones as well. Few shops produce single-sided panels exclusively,
but instead include single-sided panels as part of their overall product mix.

The most common sequence of single-sided production is drill, print-and-etch,
surface finish, and final fabrication (all of these production processes are ex-
plained in Section 203). No inner-layer processing is required, and desmear is
also eliminated. Furthermore, only in rare cases are plated through-holes re-
quired; therefore, all of the processes required to make the holes conductive are
not applicable to single-sided manufactures. The holes instead provide mechani-
cal stability for through-hole panels. Drilling may be completely eliminated on
single-sided PCBs if the components are all surface-mounted.

204.2 DOUBLE-SIDED PCB

Not unlike single-sided, double-sided PCB manufacturing is also a subset of the
multilayer process. The inner layer image transfer, lamination, and hole clean-
ing process are not performed. Therefore, any multilayer manufacturer can
easily produce double-sided panels. Double-sided PCBs require electroless
copper or other methods of making holes conductive, since the top and bottom
sides of the board require interconnection.
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204.3 MULTILAYER PCB

Single- and double-sided manufacturing processes are subsets of the mult{layer

process. Therefore the multilayer manufacturing process will be described
detail in Section 205. Multilayer boards represent two-thirds of the overall

of U.S. production dollars, even though they are produced in lower number,
than single- or double-sided PCBs. The rigid multilayer process (rigid PCB
represent about 95% of U.S. production.

204.4 FLEXIBLE PCB

A flexible circuit is manufactured on materials that allow for the bending or
flexing of the PCB to create a three-dimensional effect. Flex circuits may b
designed to be bent into shape once or several times, or to withstand thoug
of flexing cycles. They are found in printers, disk drives, automobile electrg
ics, and a wide range of other common products.

Although similar to rigid manufacturing in many respects, the flexible circuit
manufacturing process deals with unique materials and surface finishes. T
fore, few rigid manufacturers have expanded into the flex market. On the

n
alue
S

S)

Flexible Circuit
€ Manufacturing

ands

n-

here-

bther

hand, because an important portion of the flex market is rigid-flex combinatjon

of assemblies, manufacturers of predominantly flex PCBs often produce rig

id

boards as well. Because flexible substrates are more difficult to manufacture,

they are less common than rigid multilayer PCBs.

Image transfer, drilling, and through-hole plating are performed in a similar
not identical manner. Flex substrates are thin and are unlike standard rigid

but

materials. Some common flex materials are polyamide and polyester, althgugh

many others are in use. Thickness of only a few mils (thousandths of an in
are common compared with inner-layer rigid material thickness of up to 31
and double-sided thicknesses of 62 or more mils. Additionally, tooling and
surface finish processes for flexible circuits are quite different from those of
rigid PCBs. A cover sheet of material similar to the base film is applied ove

typical flex circuitry rather than solder mask and is press laminated over the¢

circuitry. The cover sheet is pre-punched to expose appropriate areas of tf
circuit for soldering of components and connectors. Not all flex circuits req
solder; those that do are hot-air or hot-oil solder-coated. Nickel-gold is alsg
common finish.

ch)
mils,

174

e
liire
a
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205 PROCESS DESCRIPTION OF MULTI-LAYER PCB
MANUFACTURING

The manufacturing of printed circuit boards requires numerous steps to produce
the final product. These processes may be electrical, chemical, mechanical, or
optical in nature. Although printed circuit boards may be either single-layer or
multi-layer, the most sophisticated facilities are capable of producing multilayer
boards. Therefore, this section will describe multilayer printed circuit board
operations. Typical processing steps encountered at PCB manufacturing facili-
ties are discussed in this section. Section 209.1 contains a process flow diagram
for a typical multilayer printed circuit board manufacturing operation.

205.1 INNER LAYER CIRCUIT FORMATION

Multilayer printed circuit boards contain several individual inner layers. These
inner layers are thin fiberglass epoxy sheets or “cores,” with detailed circuit
patterns on each core. This section describes the processes required to form the
circuit patterns on an inner layer core.

205.1.1 Core Preparation Steps

The raw materials are thin fiberglass epoxy cores covered with copper foil on
each side. The cores are often processed through several surface preparation
steps to promote adhesion of a resist coating to the core. These surface prepara-
tion steps may include subjecting the cores to weak acid solutions, pumice
scrubs or aluminum oxide, and water rinses which clean and lightly abrade the
copper foil surfaces. The cores may then be dried in ovens before proceeding to
the next step.

205.1.2 Resist Application Operations

Resists contain photosensitive organic monomers and other volatile organic
compounds. Upon exposure to ultraviolet light, the photosensitive organic
monomers will polymerize and harden. There are two types of resist in use

today: dry film resists and liquid resists:

» Dry film resist comes in large rolls containing a thin film of resist
covered by a protective mylar film. Laminators use heat and pressure
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to apply the dry film resist to both sides of the core material simulta-

neously.

* Liquid resists may be applied to the entire core surface (one sidg atjguid Resists
time or both sides at the same time) or just to certain areas of thg core

surface. There are a number of application techniques including
squeegees, rollers, sprays, and silk screens. After application of
liquid resist, the coated cores are usually tack dried in ovens.

205.1.3 Exposure Units

The photosensitive nature of resists enable printed circuit board manufact

reselectively

define the precise location of the circuit pathways on the core surface by seleexposing
tively exposing certain areas of the resist to ultraviolet (UV) light. This selec-Certain Areas
tive exposure is accomplished with photo design tools and electrically powgred

image units. Organic monomers in the exposed areas polymerize and hargen

while the resist that was not exposed to the UV light remains soft. For the

positive photoresist process, the desired circuit trace pattern is exposed to [the

UV light. For inner layer circuit formation, most PCB facilities use a positive
photoresist process.

205.1.4 Developers

After the circuit design has been exposed on the resist covered cores, the

b oredassium

are sent to the Develop, Etch, Strip (DES) lines to reveal the final circuit pajtéraroonate
The developer is typically a series of baths equipped with a conveyor. The|first

bath normally contains an aqueous solution of potassium carbonate and thg

remaining baths are water rinses. The soft unpolymerized resist is dissolved by

the potassium carbonate solution, revealing the underlying copper foil.
205.1.5 Etchers

This copper foil is then removed at the Etcher. The remaining polymerized
resist protects the desired copper circuit traces during the etching process.

solutions to remove the unwanted copper foil.

July 1998
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205.1.6 Resist Strippers

The stripping step removes the hard polymerized resist from the remaining
copper foll circuit pattern. Resist strippers use agueous solutions of water
miscible organic compounds to soften and dissolve the polymerized resist.
These strippers can be operated continuously using enclosed conveyorized
equipment, or in batch mode using dip tanks that are covered when not in use.
The stripping solution may be classified as either agueous for solutions with low
percentages of organic compounds, or semi-aqueous for solutions with higher
percentages of organic compounds.

205.1.7 Oxide Line

After resist stripping, the cores are processed at an Oxide Line to prepare the
copper surfaces for panel assembly and lamination. The Oxide Line consists of
a series of baths. The first baths use inorganic solutions to clean and micro-etch
the remaining copper on the cores. The next baths add an oxide layer to the
surface of the copper. Typically this oxide layer is cupric oxide, which is black;
but other oxides such as white tin oxide may be added. The oxidation process is
considered to be a surface preparation step.

206 PANEL ASSEMBLY

The inner layer cores must be assembled together to form a multilayer printed
circuit board panel. This section discusses the equipment and procedures used
to assemble a panel and prepare it for outer layer circuit formation.

206.1 LAMINATION PRESS

A “book” is created by placing: a layer of copper foil, a layer of “pre-preg” (a
sheet of epoxy material), alternating layers of the inner layer cores and pre-preg,
and a final layer of copper foil, between press plates. The book layers are
joined together at a Lamination Press by subjecting the "book" to high heat and
pressure. The pre-preg melts, joining the layers together and forming a rigid
panel.
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206.2 PANEL CURING OVENS

After lamination, the rigid panel may be heat cured in an oven. These over
usually electrically powered.

206.3 PANEL TRIMMING AND DRILLING

The circuit board panel edges may be cleaned of excess pre-preg, shaped
smoothed by routers, saws, and buffers. In addition, small holes are drilleg
through the panels to join the individual layers together.

206.4 DRILL HOLE CLEANING (DESMEAR)

The hole surfaces must be cleaned, made conductive, and then plated to fq
complete circuit through the entire panel. The drilling process leaves an ey
residue, or “drill smear,” in the holes which must be removed before coppe
be electroless plated in the drill holes. Removing this drill smear, or
desmearing, is accomplished by either wet chemical methods or by a gase
plasma process.

206.4.1 Wet Chemical Methods

The wet chemical methods typically include an organic/water conditioner b
to soften the pre-preg residue, a permanganate bath to dissolve the softeng
epoxy, a dilute hydrogen peroxide solution to neutralize the permanganate
several water rinse steps.

206.4.2 Plasma Process

The plasma process uses ionized gas under vacuum to chemically react w
drill smear and etch the hole surfaces. The gas components, processing ti
temperature, pressure, and RF power level are used to control the reaction
gas components and reaction products can vary considerably from one opé
to another.
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206.5 MAKING HOLES CONDUCTIVE

After cleaning the drill holes, the holes must be made conductive so that they
may be electroplated. There are several methods currently available to make the
drill holes conductive.

206.5.1 Metalization by Electroless Copper Plating

Metalization of the drill holes is accomplished by electroless copper plating.

The plating baths consist of water, metal ions, catalyst, reducer, complexing
agents, and stabilizers. Formaldehyde is sometimes used as a reducing agent in
electroless copper plating solutions.

206.5.2 Alternative Metalization Processes

Alternative metalization processes such as “shadow,” “crimson,” or “black hole”
add other types of conductive materials, such as graphite, to the hole surfaces.

206.6 PANEL PREPARATION
In order to prepare the panels to receive photo resist on the outer layers of the
panel, the panels are subjected to antioxidant baths, cleaners, and pumice scrubs

similar to the Core Preparation step discussed in Section 205.1.1 above. Some
facilities also add an anti-tarnish coating at this step.

207 OUTER LAYER CIRCUIT FORMATION

This section describes the processes used to create the printed circuit design on
the two outer layers of the panel.

207.1 RESIST APPLICATION OPERATIONS
The types of resist and application methods used by the PCB industry for Outer

Layer Circuit Formation are the same as the Resist Application Operations
discussed above in Section 205.1.2 for Inner Layer Circuit Formation.
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207.2 EXPOSURE UNITS

The resist that has been applied to the outer layers of a circuit board panel
selectively exposed to UV light using photo design tools and electric Expos
Units similar to those discussed in Section 205.1.3. for inner layer circuit fo
tion. However, the outer layer circuits are normally produced using a nega
photoresist process. In a negative photoresist process, the resist covering
desired circuit traces remains soft because it is not exposed to the UV light

IS
ure
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while the resist covering the undesired copper ar